Pasadena, California 91125, United States
Index Page Experimental
General Considerations S2 Synthesis of Q 2 FB (2) S2 Synthesis of (Q 2 FB)Rh(TFA)(COE) (3) S2-S3 Synthesis of (Q 2 FB)Rh(TFA) 3 (1) S3 General procedure for catalytic S N Ar in HTFA S3 NMR spectra Table of NMR chemical shifts S4 NMR spectra of 2 S5-S6 NMR spectra of 3 S6-S10 NMR spectra of 1 S10-S13 19 F NMR spectra of CF 3 C(O)F S13 19 F NMR spectra of CH 3 C(O)F S14 NMR spectra of intermediate 4 S14-S16 NMR spectra of proposed 5a and 5b S17-S18 NMR spectra of catalytic defluorination S19 Kinetics Defluorination of 1 S20-S21 References S22 DFT Calculations S23-S30 
References
( 
NMR Simulations via DFT
In order to aid in the assignment of 5a and 5b, NMR calculations were carried out via DFT. Experimentally, several of the carbons had shifts that were slightly higher than expected. To calibrate our calculations, we first calculated the shifts on relevant carbons for the well-characterized complex 1. As seen in table S3, the error between experimental and calculated shifts is 5-10 ppm. While this error does not allow for quantitative comparisons, qualitative trends may be seen. In the case of 5a, we see that OH can orient itself to the Rh-bound TFA in two ways ( Figure S44 ): first with the O on TFA and the other with one of the F atoms on TFA. When this occurs, the symmetry of the complex is broken and a corresponding asymmetry is seen in the 13 C shifts. Since both hydroxyl groups can orient in this manner, this likely increases the shift, as seen in Table S4 . Furthermore, the proton from the hydroxyl groups can transfer to the coordinated TFA to form species 5b. Again, asymmetry in the 13 C shift is seen in Table S5 . Explicit solvent can also loosely coordinate through hydrogen bonding, also seen in Table S5 . This also increases the 13 C shift, though perhaps not significantly. Figure S34 . Proposed geometries of complex 5a. In the geometry on the left, a perfectly symmetric complex is proposed. However, on the right, it is implied that coordination between either the O or F of TFA can occur. This corresponds to values in Table S4 . Table S4 . Experimental and calculated shifts for complexes in Figure S44 . It can be suggested that the increased experimental shifts result from a combination of asymmetric coordination and solvent coordination. Asymmetry in the molecule is translated to the asymmetric shifts, which averages to a slightly higher shift overall. Additionally, as suggested by DFT energy calculations, there is potentially equilibrium between 5a and 5b, as the proton can quickly hop around from the ring to the TFA molecules. This, in combination with the solvent participation, can increase the overall experimental shifts.
Accounting for Solvation in Transition States
In TS1 and TS3, explicit solvent was used. In the case of TS1, two solvent molecules were chosen on a purely geometric basis: two solvent molecules were the minimum number of molecules required to bridge between the metal-bound TFA and the TFAH binding to aryl group. In the case of TS3, one solvent molecule was used. In order to account for the multiple degrees of freedom that come with incorporating an explicit molecule, we have investigated several different isomers of TS3, which can be seen in Scheme S2. TS3b involves a TFAH with its hydrogen oriented towards the oxygen of the bound TFA. This increases the energy by 4.1 kcal/mol relative to the reported TS3. TS3c is attack from the fluorine above the ring (closer to the Rh), with a TFAH oriented towards it via the proton. This is also higher in energy, both due to the increased electronic energy and the added strain from fitting an explicit TFAH into the cavity. Finally, TS3d involves fluorine bridging with no added TFAH, which is again higher in energy by 5.2 kcal/mol, showing that the free TFAH does help to stabilize the transition state. While this does not exaust all possibilities for the role of TFAH, it does help to illustrate that a specific orientation (TFAH with hydrogen pointed towards the fluorine) helps to stabilize the transition state and make it more accessible. Geometries-"The supplemental file Fluoro_Coord.xyz contains the computed Cartesian coordinates of all of the molecules reported in this study. 
